New fluorescent ionophores containing the 1-naphthylacetanilide moiety based on oligo-ethylene oxide (1 4 and 1 5 ) have been synthesized, and its photochemical behaviors have been studied. In the absence of a metal ion, the 1-naphthylacetamide moiety showed a weak fluorescence emission (fluorescence "off state"). However, complexation with Ca 2+ induced a large enhancement effect on the fluorescence intensity of 1 4 and 1 5 from the naphthalene ring (fluorescence "on" state). This behavior can be explained in terms of a similar twisted intramolecular charge transfer relaxation mechanism. Such "off-on" fluorescence responses of 1 4 and 1 5 provide the digital detection of alkaline earth metal ions.
N-phenyl-9-anthracenecarboxamide and N-phenyl-1-pyrenylcarboxamide derivatives show no fluorescence emission in solution through an ICT relaxation pathway similar to the TICT as the most plausible explanation. On the basis of this observation, we synthesized new fluorescent ionophores containing N-phenyl-9-anthracenecarboxamide 4 and N-phenyl-1-pyrenylcarboxamide 5 based on an ethyleneoxy chain, respectively. Upon complexing with metal ions, we could achieve the controlling TICT relaxation pathway with the "off-on" fluorescent signal.
These results inspired us to examine a photochemical property of naphthalene amides derivatives. Naphthalene is regarded as a strong tool for highly sensitive detecting probe in fluoroionophores 6 . Kawakami et al studied fluoroionophores containing naphthoic acid derivatives. [7] [8] [9] The naphthyl alkyl amines were used as a photo-induced electron transfer (PET) detection moiety in the field of the molecular recognition chemistry. 10, 11 Although many studies on naphthalene derivatives have been reported, spectroscopic observations about naphthylacetic aromatic amide are rather limited. In this communication, we demonstrate the photochemical behaviors 1 4 and 1 5 (Fig. 1 ) upon the complexing with metal ions by means of fluorescence and NMR spectrometries.
Experimental
The syntheses of 1 4 and 1 5 were carried out by the usual technique (Yield: 61.3 % for 1, 58.3 % for 2). 12, 13 Their structures and purities were confirmed by the 1 H-NMR spectra and elemental analyses. Fluorescence spectra were measured by a Shimadzu RF-5300PC at 25 °C.
The concentrations of fluorescent reagents were 5 10 -6 mol/dm 3 in purified acetonitrile.
Alkaline earth metal cations were added into the solution of the fluorescent reagent as perchlorate salts. response. Figure 2b also shows the fluorescence spectra of 1 5 and its Ca 2+ complexes.
Results and Discussion
Although the increase of the fluorescence intensity was small compared with that of 1 4 , the fluorescence emission maximum (λ max ) and shape were quite similar to that of 1 4 ⋅Ca 2+ . The fluorophore 1 5 also responded to both of Sr 2+ and Ba 2+ . The fluorescence intensity of free 1 5
showed a small value (~ 50, at 338 nm) compared with that of free 1 4 (~ 100, at 338 nm). The longer oxyethylene chain in 1 5 had entropical advantages for molecular motion, avoiding the conformation of inhibition for TICT (e.g. pseudo-cyclic comformer). Table 1 The fluoroionophores 1 4 and 1 5 showed good affinity for Ca 2+ ; the same trend was observed previous reports.
Fluorescence spectral data evidently showed the structural changes of 1 4 A detailed observation of the relaxation mechanism of naphthylmethyl-N-phenyl amide derivatives is now underway. We believe that the present fluorophores 1 4 and 1 5 will be available as photo-detecting system for analytical use with an "off-on" fluorescent signaling character. 
